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Summary. The purpose of this paper is to create a financial fragility model for the Czech financial sector. We adapt the Goodhart-Tsomocos model which is based on general equilibrium with incomplete markets, money and default. The calibration of the model is based on publicly available data from the period 2003-2011. Finally, we perform comparative statics to show how the key variables of the model respond to possible events. The model can be used by government institutions to stress-test the banking sector, as well as by banking and other financial institutions to estimate the development of, inter alia, the default rates of their clients. 
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1 Introduction
The relationships among central banks, commercial banks and their clients have received considerable attention of academics and practitioners, in particular in connection with the recent banking crises and financial instability around the world. Commercial banks play a substantial role in national economies, being the financial intermediaries between other economic agents, thus having an important impact on the overall economic wealth and growth. The main goals of central banks include the delivery of price stability and the maintenance of financial stability (Goodhart 2010). The stability of the financial sector is supervised by almost all governments around the world. One of the supervisory tools employed by central banks and regulators of financial markets is the stress testing of financial system, i.e. the techniques used to help assess the vulnerability of financial institutions or the financial system to exceptional, yet realistic events. 

This article illustrates the use of general equilibrium analysis to stress test the Czech banking system. The modern history of the Czech two-level banking system begins with the fall of the socialist Eastern bloc. Since 1993, the banking sector has been supervised by the Czech National Bank (ČNB), which carries out the monetary policy, sets the money base, carries out open market operations, accepts deposits and provides loans to commercial banks, manages the money reserve, and controls (supervises) commercial banks. 
The Czech National Bank also carries out stress testing of the banking system whose aim is to assess the vulnerability of the banking sector (as well as pension funds and insurance companies) to adverse shocks (for detailed description of the stress testing methodology, see ČNB 2013a). The results of stress tests are published biannually. The tests are based upon two scenarios (normal state and protracted depression) which is a frequently employed approach in similar models. The scenario “normal state” is based on the current prediction of ČNB, while the scenario “protracted depression” simulates an adverse development. The aim of stress tests is to define and analyze the impact of certain key variables’ changes to the banking sector. The publicly available methodology of ČNB does not describe exact mathematical background of the model (an older version of the model is described in Geršl and Seidler 2010). The model is constantly being developed and new features are being added (for instance, in a recent update of the model, the impact of dividend payout is captured). The stress testing methodology of ČNB has a high and undeniable reputation. However, any model can be improved and better understood by comparing its results with other models built on different assumptions or different principles. The ČNB’s model is focused on the achievement of the fundamental aims defined in basic documents. Since the definition of these aims is very broad, so is the constitution of ČNB’s stress testing model. 

In this article, we adapt and calibrate the Goodhart-Tsomocos model to the Czech banking system. We will analyze the changes in key variables of the system: interest rates, profitability of banks, their capital adequacy ratios, the changes in GDP and the default rates of households. In particular, the default rates of households can be used in estimating the financial fragility of the clients of Czech banks, and the model we develop can be used by state authorities, banking and other financial institutions to estimate the future development of the banking system, including the default rate of the banks’ clients. This model can represent a suitable complement to the traditional ČNB stress testing model. 
The Goodhart-Tsomocos model of banking system is an extension of the work of Tsomocos (2003) who introduced heterogeneous banks and capital requirements for the banking sector in a general equilibrium model with incomplete markets, money and default. The class of models developed therefrom (Goodhart, Sunirand and Tsomocos 2004, Goodhart, Sunirand and Tsomocos 2005, and Goodhart, Sunirand and Tsomocos 2006) has several features which makes this model different from the traditional ones. Firstly, it takes into account the heterogeneity of banks (a unique risk/return portfolio), which allows for the analysis of the interbank market (if the banks were identical, there would be no interbank market). Secondly, the model allows for agents who trade with each other through multiple markets, and who can choose to default voluntarily, facing default penalties, and comparing losses with benefits arising there from. The model has been calibrated and used by central banks and researchers in many countries, including the UK, Bulgaria, Brazil, Colombia, and South Korea, and allows for predicting the effects of regulatory tools and changes in exogenous conditions which are otherwise difficult to assess.

2 Market and Time Structure of the Model
In this chapter, we will describe the market structure and the time line of the model. Four types of agents participate in the economy: banks, households, the central bank, and the regulator. Generally, the central bank regulator may be two different institutions; in the Czech case, they are both represented by the Czech National Bank.
We consider three heterogeneous banks in the economy: bank γ with 23.22% share on total assets, bank δ with 22.03% share on total assets, and bank τ, which represents the aggregation of the remaining banks in the market. Bank τ is consisted of several other big banks, as well as of a larger number of small banks. It is necessary to emphasize that this represents a simplification of the economic reality. The model is able to incorporate a larger number of banks; however, the number of model equations increases considerably. In the model of Goodhart, Sunirand and Tsomocos (2004), the bank τ is a net lender; however, we will not accept this simplification in the case of Czech Republic as we know that large banks γ and δ provide loans to smaller banks. 

We denote the set of banks by
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. Each bank participates in three active markets: the loan market (i.e., banks provide loans to households), the deposit market (banks borrow from households) and the interbank market (banks borrow and lend money to each other), and rationally anticipates the impact on its decisions on the interest rates.
There are four types of households in the economy. Three of them (α, β and θ) are randomly attached to their nature-selected banks, which means they are in one-to-one relationship to the banks and, due to information asymmetries or other reasons, they cannot change their bank during the period under consideration (limited participation assumption). The fourth household, which we call Mr. Φ, represents the pool of depositors in the economy. 

In the interbank market, banks decide how much they will borrow and lend. There is only one single interbank rate ρ which is established by the market forces of demand and supply. The interbank market is influenced by the central bank which carries open market operations (OMO). The central bank can also set the money base (M) which results in an endogenous adjustment of the interbank interest rate, or it can set the interest rate which results in an endogenous adjustment of the money base. Also, the interbank interest rate is affected by the emission of government bonds (B).
The time line consists of two periods 
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. In the first period, banks participate in the loans and deposit markets and in the interbank market, and the central bank carries out open market operations and sets the money base.
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Fig.1. Time structure of the model (Goodhart, Sunirand and Tsomocos 2005)

Then, nature decides whether the good state (i) or bad state (ii) occurs. In the good (normal) state, the GDP and repayment rates are higher than in the bad state, which represents a crisis event and is likely to be accompanied by a lower GDP and higher default rates of households, as well as banks.

In the second period, client loans and deposits are settled, as well as the interbank loans and deposits. The regulator imposes default penalties on banks, as well as penalties for possible capital adequacy requirement (CAR) violation. In the model, penalties are not only of a nominal (monetary) nature, but also of a real (non-pecuniary) nature, such as the discomfort from the loss of reputation (this approach is used in Shubik and Wilson 1977 or Dubey,  Geanakoplos and Shubik 2005). At the end of the second period, all markets open again.

The balance sheets of banks are structured as illustrated in Tab. 1. On the left-hand side of the balance sheet, the difference between total assets, loans to households and loans to other banks is represented by the “Market book” item which contains all other loans including loans to the central bank. The market book bears a certain rate of return. On the right-hand side of the balance sheet, the difference between the total sum and the equity, the deposits from Mr. Φ and the deposits from other banks is called “Others” item which contains all other liabilities including deposits from the central bank. 

Table 1. Balance sheet of commercial banks in the economy

	Assets
	Equity and liabilities

	Market book
	Equity

	Loans to households
	Deposits from Mr. Φ

	Loans to banks
	Deposits from banks

	
	Others


3 The Model Equations

The model includes seven active markets, in which all agents maximize their own utility. As in in Goodhart, Sunirand and Tsomocos (2005), we will consider that the banks are active decision-makers, while the behavior of households will be endogenized, and the behavior of the central bank and the regulator is given exogenously.

3.1 Maximization Problem of Banks

All banks maximize their utility which is a function of expected profitability minus expected non-pecuniary penalties for capital adequacy requirements violation and default on its obligations. We assume that the banks are risk-averse, so their utility exhibits risk aversion. In the model, the utility function is quadratic with a certain risk aversion coefficient c, which may differ across banks and states of nature.

Formally, the bank 
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where


[image: image7.wmf]b

m

 = amount of money the bank b extends in the loan market


[image: image8.wmf]b

m

= amount of money the bank b owes in the interbank market
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= amount of money the bank b owes in the deposit market
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 = repayment rate of bank b in state s in the subsequent period
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= amount of money the bank b invests in the interbank market
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 = risk aversion coefficient of bank b in state s
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 = non-pecuniary penalty for capital adequacy requirement violation for bank b in state s
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The profitability of a bank is given by the return on the client loans, return on its market book and return on the investment in the interbank market. It is reduced by its interbank market obligations and deposit market obligations. The profitability can be specified as
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where 
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 = the “Others” item in the balance sheet of bank b
The capital adequacy ratios 
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 are determined as the equity percentage of the risk-weighted assets. The risk weights of individual components of capital reflect the riskiness of these assets, and are attributed by the regulator.
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where the equity in state s is given by the sum of equity in the initial state and the earnings in state s, so

	
[image: image30.wmf]S

s

e

e

b

s

b

b

s

Î

+

=

,

0

p


	(4)


and
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 = risk weight imposed on client loans
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 = risk weight imposed on interbank loans

At the same time, some conditions must be satisfied. First, the balance sheet constraint must hold, i.e. assets always have to equal to equity and liabilities.
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Moreover, we require the expected profitability in both states to be non-negative. 
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3.2 Household Borrower’s Demand for Loans

We assume that the household borrowers‘ demand for loans is given endogenously. In the model, the demand for loans depends positively on the expected GDP. This assumption, which is based on the permanent income hypothesis and households’ propensity to consumption smoothing over multiple periods, implies that the households anticipate their expected wealth in the second period.  This hypothesis is supported by most authors (for instance, Agénor et al. 2001, Bajaras and Steiner 2002, Catao 1997, or Nehls and Schmidt 2004). 

We follow other authors (for instance, Goodhart, Sunirand and Tsomocos 2005, Tsenova 2012, and Tabak, Cajueiro and Fazio 2012) and assume that the demand for loans depends negatively on interest rates; an increase of interest rate will result in a lower demand for loans (the coefficient 
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3.3 Household Depositor’s Supply of Deposits

We suppose that the supply of deposits of Mr. Φ will be positively correlated to the expected GDP in the next period, since the wealth of households increases with GDP and households smooth their consumption over periods. Further, we assume that the supply of deposits will depend on interest rates. Household rationally evaluate interest rates of individual banks; if the interest rate of a particular bank increases, the supply of deposits to this bank will increase as well. However, households also compare the interest rates of other banks. Since banks are able to decide to reduce their repayment rates, households will evaluate expected return from their investment in the deposit market. The supply of deposits of Mr Φ for a given bank b will be specified by 

	.
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3.4 Repayment Rates of Households

The repayment rates of households are supposed to be a positive function of the aggregate credit supply. Conversely, a decrease of credit availability is likely to result in a higher default rate of households (credit crunch). Additionally, we suppose that the repayment rates positively depend on GDP in the respective state, because the higher wealth is likely to positively affect the repayment rates. Formally, for the two states and households 
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3.5 Aggregate GDP Condition

The expected GDP in the second period is assumed to be determined endogenously as a positive function of the aggregate credit provided by the banks, since an increase of the credit supply in the loans market is likely to positively affect the consumption and investment of private-sector agents, and therefore raise the GDP.
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3.6 Monetary Policy – Regulator and the Central Bank

We assume that the central bank and the regulator act exogenously. The central bank carries out open market operations, sets the base money M, and draws liquidity from banks (B), while the regulator sets the capital adequacy ratios, the risk weights for assets, the penalties for CAR violation and the penalties for default on obligations. In the Czech banking system, the central bank ČNB acts actually represents both the central bank and the regulator.

3.7 Exogenous Variables in the Model

Given the set-up of the model, we can’t endogenize the initial equity, market book and “Others” item held by banks, and therefore we consider them to be given exogenously. The probabilities of good, resp. bad state, and the return on market book, are also given exogenously. The complete set of exogenous variables in the economy is as follows:
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4 Market Clearing Conditions

In the Goodhart-Tsomocos model, there are three loan markets, three deposit markets and one interbank market. They are cleared via adjustment of interest rates. In equilibrium, the following conditions must hold:

1) Loan markets clear, i.e. 
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2) Deposit markets clear, i.e.
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3) Interbank market clears, i.e.
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5 Equilibrium Definition  

Let
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Following Goodhart, Sunirand and Tsomocos (2005), we say that 
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 (all banks optimize),

· (12) – (14) hold (all markets clear),

· All banks are correct in their expectations about the repayment rates that they get from the interbank investment:
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· 
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6 Initial Equilibrium

The model requires 145 variables, out of which 86 are given exogenously and have to be determined in order to obtain a numerical solution of the model. The banks make 18 simultaneous decisions which determine the remaining endogenous variables. The model has been solved using the Optimization Toolbox in MATLAB. Some of the variables have been calibrated against the real data; other variables have been chosen arbitrarily or calculated endogenously. The variables are summarized in Table 2.
We calibrated the model to the Czech banking sector by the end of 2011 using the financial statements of banks and the public database ARAD which is a forming part of the Czech National Bank’s (ČNB) information service and provides data on the Czech banking system at the aggregate level. 

The probability of the good state has been estimated to 0.95, reflecting the fact that the bad state should represent an extreme crisis event. The repayment rates of banks in the good state have been set to 0.999, because the usual default rate of banks is very low (the default rate of Czech financial institutions, including non-banks, has been only of 0.5% in 2011) and their repayment rates in the bad state have been arbitrarily set to 0.95, because in the crisis event, the overall repayment rate is likely to decline, but the repayment rate of banks would still be greater than the repayment rate of households.

Table 2. Initial equilibrium
	
	Initial equilibrium
	Exogeneous variables

	Solved
	GDPi = 
	3841.2
	eiγ =
	113.1
	kiγ =
	0.229
	M =
	419.671
	zγ,1 =
	0.059

	
	R̃i =
	1.00
	eiδ =
	120.3
	kiδ =
	0.231
	gαγ,i.,1 =
	-0.782
	zδ,1 =
	0.215

	
	R̃ii =
	0.95
	eiτ =
	479.1
	kiτ =
	0.308
	gβδ,i,1 =
	-0.802
	zτ,1 =
	1.047

	
	μαγ =
	475.0
	eiiγ =
	80.56
	kiiγ =
	0.178
	gθτ,i,1 =
	-0.800
	Aγ =
	494.8

	
	μβδ =
	546.6
	eiiδ =
	90.79
	kiiδ =
	0.192
	gαγ,ii,1 =
	-0.890
	Aδ=
	385.8

	
	μθτ =
	1586.6
	eiiτ =
	399.7
	kiiτ =
	0.283
	gβδ,ii,1 =
	-0.909
	Aτ =
	940.5

	
	μdγ =
	616.9
	πiγ =
	51.98
	viαγ =
	0.959
	gθτ,ii,1=
	-0.908
	ui,1 =
	5.650

	
	μdδ =
	663.5
	πiδ =
	40.54
	viβδ =
	0.941
	Othersγ =
	223.5
	uii,1 =
	4.628

	
	μdτ =
	1660.0
	πiτ =
	115.7
	viθτ =
	0.942
	Othersδ =
	102.8
	aαγ,1  =
	-8.831

	
	
	 
	πiiγ =
	19.37
	viiγ =
	0.971
	Othersτ =
	342.7
	aβδ,1 =
	-9.542

	
	
	 
	πiiδ =
	10.95
	viiδ =
	0.960
	pii =
	0.05
	aθτ,1  =
	-16.832

	
	
	 
	πiiτ =
	36.38
	viiτ =
	0.948
	
	 
	
	 

	Calibrated
	ρ =
	0.017
	rγ =
	0.135
	dγ =
	22.6
	B =
	305.1
	ui,2 =
	0.336

	
	mγ=
	418.1
	rδ =
	0.130
	dδ =
	23.3
	zγ,2 =
	0.77
	uii,2 =
	0.453

	
	mδ =
	483.5
	rτ =
	0.132
	dτ =
	437.4
	zδ,2 =
	0.76
	aαγ,2  =
	1.9

	
	mτ =
	1402.6
	rdγ =
	0.009
	μγ =
	41.0
	zτ,2 =
	0.77
	aβδ,2  =
	2.0

	
	dγφ =
	611.6
	rdδ =
	0.008
	μδ =
	23.3
	ghb,s,3 =
	0.012
	aθτ,2  =
	3.0

	
	dδφ =
	658
	rdτ =
	0.010
	μτ =
	437.7
	
	(b(B, (s(S
	e0γ =
	61.1

	
	dτφ =
	1644.3
	
	 
	
	 
	
	 
	e0δ=
	79.8

	
	
	 
	
	 
	
	 
	
	 
	e0τ =
	363.3

	Selected
	viγ =
	0.999
	viiαγ =
	0.853
	
	
	ω̄ =
	0.85
	rA =
	0.04

	
	viδ =
	0.999
	viiβδ =
	0.837
	
	
	ω̃ = 
	0.2
	ciiγ  =
	0.080

	
	viτ =
	0.999
	viiθτ =
	0.838
	
	
	ω =
	0.2
	ciiδ  =
	0.007

	
	GDPii = 
	3419.4
	
	
	
	
	ciγ  =
	0.0058
	ciiτ  =
	0.008

	
	
	
	
	
	
	
	ci δ  =
	0.0050
	λiiγ =
	8

	
	
	
	
	
	
	
	ciτ  =
	0.0038
	λiiδ =
	8

	
	
	
	
	
	
	
	λk,ib =
	5x103, (b(B 
	λiiτ =
	8

	
	
	
	
	
	
	
	λk,iib =
	104. (b(B 
	k̄γ =
	0.22

	
	
	
	
	
	
	
	λib =
	2.8, (b(B
	k̄δ =
	0.22

	
	
	
	
	
	
	
	zb,3 =
	0.701, (b(B
	k̄τ =
	0.3

	
	
	
	
	
	
	
	zb,4 =
	-0.1, (b(B
	pi =
	0.95

	
	
	
	
	
	
	
	ghb,s,2 =
	0.078, (b(B

(s(S
	
	


The GDP in the bad state has been set equivalent to a 10% decline of the previous year’s GDP. As in Tabak, Cajueiro and Fazio (2012) and Saade, Osorio and Estrada (2006), we estimated most of the elasticities and constant terms in equations (8) - (11) using regression analysis on the observed data. For the regression calibration, we used publicly available data from the period 2003-2011. 

The repayment rates of households in the bad state have been calculated endogenously using the estimated elasticities. As in Goodhart, Sunirand and Tsomocos (2006) and Tabak, Cajueiro and Fazio (2012), they are lower than the expected repayment rates of banks in the bad state.

The interbank rate has been set to match the Czech PRIBOR (Prague InterBank Offered Rate) rate in 2011. The selected rate of return on market book is based on the actual return on assets (ROA) in the Czech banking industry.

The actual capital adequacy ratios are higher than required by ČNB (8%) because the strategy of Czech banks is rather conservative, and a higher capital adequacy ratio is a sign of a bank’s stability and credibility. We suppose that each bank keeps a voluntary reserve above the capital adequacy requirement set by the regulator, and this reserve is self-imposed by the bank. In other words, each bank has its own self-imposed capital adequacy requirement and will suffer from non-pecuniary loss for violating it. The risk weights of assets have been set arbitrarily to approximately correspond to the individual tiers of capital as required by Basel II and to reflect the actual riskiness of these assets. 

The risk aversion coefficients have to be positive so that the utility function is well behaved. Since they are not directly observable, they have been chosen arbitrarily to best reflect the actual development in the banking sector between 2003-2011. Likewise, the non-pecuniary penalties for default and capital adequacy requirement violation are not observable, but they reflect the tightness of regulatory policy and have been set arbitrarily to correspond to the observed behavior of banks.

7 Comparative statics

By solving the constrained optimization problem specified by simultaneous equations (1) – (15), we can simulate the effect of changing some of the exogenous variables on the initial equilibrium. In particular, we will focus on the following key variables: interest rates, profitability of banks, capital adequacy ratios, changes in GDP in both states and the default rates of households. We will analyze the effect of an expansionary monetary policy, a negative shock in GDP, a positive shock in the wealth of depositors, a change of the bad state probability, an increase of default penalties, and an increase of capital adequacy requirements violations. 

The directional changes of all endogenous variables are summarized in the appendix of this article.

7.1 Expansionary Monetary Policy

As already mentioned, the regulator and central bank have multiple tools to affect the banking system. The central bank carries out open market operations and sets the base money M, while the regulator sets the capital adequacy ratios, the risk weights for assets, the penalties for CAR violation and the penalties for default on obligations.

In this section, we will examine the effect of increasing the base money. This instrument is seen as a type of expansionary monetary policy. Usually, by increasing the base money, the central bank is seeking to decrease the overall interest rates. 

If the central bank increases the money base by 0.79  the interbank interest rate will decrease immediately. This will result in a slight decrease of the interbank investment and a slight increase of interbank loans. Banks will focus on a more profitable market of household loans. The overall credit supply will be followed by a higher expected GDP in both states of nature, and consequently, interest rates on loans will decrease due to a higher demand for loans. Banks will demand less deposits which will result in a decrease of interest rates on deposits. The results of this exercise show that even if one bank (τ) has a dominant position on the interbank market, the monetary policy has a substantial impact on the interbank interest rate, as well as on other interest rates. 
Table 3. Expansionary monetary policy (% changes), ΔM = 0.79 %

	
	Interest rates
	Profitability
	CAR
	GDP
	Household repayment rates

	Bank
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	 γ
	-3.00
	-0.082
	-21.4
	0.43
	4.58
	0.13
	1.03
	0.020
	0.028
	0.002
	0.003

	 δ
	-3.23
	-0.065
	
	0.71
	5.23
	0.17
	0.56
	
	
	0.002
	0.003

	τ
	-5.65
	-0.033
	
	0.87
	5.33
	0.19
	0.47
	
	
	0.002
	0.003


Source: Authors.
7.2 A sudden decrease of GDP in the good state of nature 
In this exercise, we will analyze the effect of a negative GDP shock in the good state of nature, which means that the overall wealth in economy in the good state will decrease more than anticipated by economic agents. Such a negative shock may represent a number of situations, for instance, a radical increase of tax rates, a decrease of government expenditures, a decrease of domestic or foreign demand etc.

We will simulate the negative GDP shock by reducing the constant term ui,1 in equation (10) by 0.175 %. 

Firstly, a lower expected GDP in the next period will be followed by a lower households’ demand for loans. Consequently, interest rates on loans will fall, having a negative impact on the profitability of banks and the aggregate credit supply. A decrease of GDP in the bad state of nature will follow, since it is sensitive to the aggregate credit supply as well. Due to the increasing default rate of households, banks will suffer from more non-collectable debt and reduce their investment on the loans market.

The decline of GDP and the overall wealth will also result in a lower supply of deposits from Mr. Φ thus making pressures on the growth of interest rates on deposits. This pressures will be magnified by pressures due to a lower demand for deposits, since banks will focus on a relatively safer interbank market. However, this will result in an increase of the interbank interest rate.
Table 4. A sudden decrease of GDP in the good state of nature (% changes), Δui,1 = -0.175 %

	
	Interest rates
	Profitability
	CAR
	GDP
	Household repayment rates

	Bank
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	 γ
	7.176
	-2.51
	8.99
	-5.12
	41.7
	-1.891
	10.554
	-1.16
	-0.25
	-0.099
	-0.027

	 δ
	7.517
	-2.77
	
	-4.36
	-10.0
	-0.962
	-11.636
	
	
	-0.099
	-0.027

	τ
	7.203
	-3.34
	
	-8.18
	27.0
	-0.935
	26.259
	
	
	-0.099
	-0.027


Source: Authors.

7.3 A positive deposit supply shock to bank τ

The growth of the overall wealth of households which can be represented, among others, by an appreciation of real estates or shares held by households, is often cited as an example of positive demand shocks in economy. In this section, we will analyse the effect of increasing the autonomous supply of deposits to the largest bank τ. Let’s assume that the supply of deposits to bank τ will increase by 0.165 % which can be simulated by increasing the constant term zτ,1 in the equation (8) by 0.31 %.

The effect of this change will be similar to the effect of expansionary monetary policy because the growth of households’ wealth will increase the overall supply of money in the economy. Bank τ will possess a larger amount of money from Mr. Φ. The bank will invest more of its resources in the interbank market as well as in the loans market thus adopting a more profitable but riskier position. These activities will make positive pressures to the GDP growth. A higher expected wealth of all households will increase the demand for client loans and supply of deposits to all banks. A larger amount of money will enter the interbank market, too, which will result in a decrease of the interbank interest rate. 
Table 5. A positive deposit supply shock to bank τ (% changes), Δzτ,1 = 0.31 %

	
	Interest rates
	Profitability
	CAR
	GDP
	Household repayment rates

	Bank
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	 γ
	-5.17
	-0.09
	-2.64
	0.57
	19.60
	0.16
	4.61
	0.036
	0.049
	0.004
	0.005

	 δ
	-5.33
	-0.06
	
	0.78
	27.72
	0.17
	3.25
	
	
	0.004
	0.005

	τ
	-27.0
	0.03
	
	3.97
	6.50
	0.87
	0.50
	
	
	0.004
	0.005


Source: Authors.

7.4 An increase of the probability of the bad state
It is also interesting to observe the changes in key variable of the model if the probability of the bad state of nature increases to 6 % while the probability of the good state decreases 94 % (this corresponds to a 1.053 % decrease of 
[image: image92.wmf]i
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 and an 20 % growth of
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). Negative expectations and a greater probability of crisis are likely to reduce the expected profitability of all agents. Negative expectations are often classified as an example of negative demand shocks in the economy. 

All banks will expect a greater probability of crisis and they will attempt to reduce the expected penalties for default by increasing their repayment rates. However, this will result in a decrease of the expected profitability. Banks will invest less in the loans market which will make negative pressures on GDP in both states of nature and increase default rates of households. A negative development of the overall wealth will result in a lower supply of deposits thus making positive pressures to the interest rates on deposits. Banks will focus on interbank deposits which will be followed by an increase of the interbank interest rate. 
 Table 6. An increase of the probability of the bad state to 
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= 6 % (% changes)

	
	Interest rates
	Profitability
	CAR
	GDP
	Household repayment rates

	Bank
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	 γ
	8.47
	-0.24
	6.090
	-1.22
	-39.5
	-0.49
	-9.46
	-0.018
	-0.024
	-0.002
	-0.003

	 δ
	8.56
	-0.27
	
	-1.71
	-67.8
	-0.50
	-8.13
	
	
	-0.002
	-0.003

	τ
	4.97
	-0.42
	
	-1.40
	-43.0
	-0.25
	-9.13
	
	
	-0.002
	-0.003


Source: Authors.

7.5 Restrictive regulatory policy – increasing penalties for default in the bad state
In this section, we will examine the impact of increasing penalites for non-repayment of bank liabilities in the bad states by 25 %. The regulator may want to reduce the impact of a possible crisis on the wealth of households.

The increase of penalties for banks’s default will be followed by an increase of banks’ repayment rates in the bad state. In other words, Rii will increase by 2.11 %, because banks will try to reduce expected penalties for default. This applies, in particular, for bank τ which is the largest investor and will face the highest penalties, but also higher costs associated with increasing its repayment rate which will grow 3.16 %. Consequently, bank τ will reduce considerably its activities on the loans and deposits markets thus making a negative pressure on the GDP, which will ultimately result in the growth of default rates of households. 
Table 7. Restrictive regulatory policy – increasing penalties for default in the bad state (% changes), 
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	Interest rates
	Profitability
	CAR
	GDP
	Household repayment rates
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	 γ
	3.56
	-1.34
	10.87
	-2.17
	9.19
	-1.49
	21.49
	-0.085
	-0.115
	-0.010
	-0.012

	 δ
	-3.45
	-1.11
	
	-2.57
	13.06
	-1.23
	15.26
	
	
	-0.010
	-0.012

	τ
	-10.0
	0.85
	
	14.64
	-10.0
	4.21
	-8.63
	
	
	-0.010
	-0.012


Source: Authors.
7.6 Restrictive regulatory policy – increasing penalties for CAR violation 

Another example of restrictive regulatory policy of the regulator (central bank) may be represented by increasing penalties for capital adequacy requirements. In this section, we will examine the effect of increasing penalties for CAR violation by 10 % in both states on nature.

Because in the good state of the world, all banks satisfy capital adequacy requirements, they will try to reduce the newly incurred penalties in the bad state of nature. This can be achieved by increasing their profitability in the bad state. A higher profitability can be achieved, in particular, by decreasing the repayment rate in the bad state (Rii) which means that banks will adopt a more profitable but riskier position. In other words, banks will compare the penalties for CAR violation with the penalties for default and select the less disadvantageous option. At the aggregate level, banks will invest less in the loans market, which will result in a slight decrease of the expected GDP in both states on nature and an increase of default rates of households. As we have seen, both examples of restrictive regulatory policy resulted in a lower wealth of households which raises the question of whether the intended aim – to promote the wealth of households – can be really achieved by strengthening regulatory policy. 

Table 8. Restrictive regulatory policy – increasing penalties for CAR violation (% changes), 
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	Interest rates
	Profitability
	CAR
	GDP
	Household repayment rates

	Bank
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	 γ
	0.33
	-0.03
	2.39
	-0.07
	23.12
	-0.04
	5.56
	-0.002
	-0.003
	-0.0003
	-0.0003

	 δ
	0.20
	-0.03
	
	-0.09
	12.23
	-0.04
	1.48
	
	
	-0.0003
	-0.0003

	τ
	-2.45
	0.02
	
	0.36
	65.45
	0.10
	6.05
	
	
	-0.0003
	-0.0003


Source: Authors.

8. Particularities of the Czech Banking Environment

As follows from previous sections, the application of the financial fragility model to the Czech banking system is somehow specific, which is given by certain properties of the Czech economic environment. For a deeper understanding of why the proposed model has been based on the aforementioned assumptions, it is necessary to mention several attributes of the region.
Since the fall of the communism in 1989, the Czech Republic has been hit by two waves of banking crises. In both cases, the Czech National Bank has been subject to criticism from a part of the public. The critics claimed that the situation would not have gone so far if ČNB acted more prudently. 
During the first wave of crises (in particular, 1994-1999) a whole segment of smaller private banks collapsed. In this period, approximately twenty banks disappeared from the market, which represented almost all privately-held banking institutions. However, in terms of total assets, most of these companies did not belong to the most important institutions (excluding Agrobanka). A fading of this crisis could still be observed in 2003 and 2004, when several privately held banks, which survived he first phase of the collapse with external help, went eventually bankrupt. A more serious consequence was a loss of confidence in the financial system of the country.

The second major banking crisis took place at the turn of the twentieth and twenty-first century, when most of large, mostly state-owned, banking institutions experienced serious difficulties associated with their capital adequacies and liquidity. The Czech government had to sanitize the whole sector and clear balance sheets of banks, spending around 300 billion CZK, which represented more than ten percent of the country’s GDP at the time. According to other estimates, the costs of consolidation amounted to around 500 billion CZK. Some economists even claim that the real and unbiased costs of banking sector consolidation amounted up to 1,000 billion CZK. It is therefore not surprising that some banks disappeared from the market, which in most cases meant that they were acquired by a larger and healthier institution. These events were followed by a relatively rapid privatization of the whole sector. Consequently, the vast majority of banks are currently held by large French, Belgian or Austrian financial houses. On the other hand, they are governed very prudently, while being monitored carefully by the Czech National Bank, especially concerning their transactions with parent companies. The regulatory competences of the national bank eventually began being discussed in political debates in association with the activities of the European Union with a potential limitation of national regulators’ competences. 
A long series of crises which made deposits of Czech households and banks more vulnerable changed the mood in the Czech society. In particular, it created a necessity for a constant reassurance about the safety of bank deposits, and a certain distrust of the public about financial institutions. These have to react with a very careful policy. 

This somehow literary description of the development of the Czech banking sector has a logical connection with several particularities of the Czech environment. In particular, we could observe an unprecedented ratio of client deposits over client loans (deposit/loan ratio) which, according to the last report on financial stability (ČNB 2013b, p. 57) has increased to 125 % and consequently, it increased further to 132 %. Similarly, the liquidity of the banking sector has been affected by the fact that the portion of highly liquid assets (in particular, cash-in-hand, loans to the central bank, government bonds, see ČNB, 2013b, p. 57) reached up to 29 % of total assets by the end of 2012. These specific conditions had several other consequences, such as an excess liquidity on the market and a relatively low importance of the interbank market. Consequently, a specific relationship between central bank’s interest rates and market interest rates has been established.

Even if the deposit/loan ratio and liquidity of the Czech banking sector take high values, we are persuaded that they don’t affect the logic and fundamentals of the Goodhart-Tsomocos model, as well as the outputs of the model. However, such factors, together with the negative economic development in 2008-2013
, have to be taken into consideration when interpreting the results of the analysis.
With respect to the income situation of Czech households and enterprises in 2008-2013 and the excess of deposits over loans, it is not an unexpected observation that the development of loans to non-financial firms and households is relatively low. By the end of 2008, the total active debt of households was of 1,89 bil. CZK (out of which 1,010 bil. CZK were firm loans and 0,880 bil. CZK were household loans). In 2012, these numbers amounted to 2,123 bil. CZK, while 0,960 bil. CZK were firm loans and 1,163 bil. CZK were household loans. During the economic recession, the proportion have reverted, while the loans to non-financial institutions followed the economic development and in the segment of household loans, a relative low but stable growth could have been observed.

9 Conclusion

While the financial sector is a complex system with many agents with competing interests and aims, the stability of this sector is a prerequisite of the overall economic development. However, the complex ways the economic agents interact are extremely difficult to assess.

The Goodhart-Tsomocos model allows for stress-testing banks and prediction of financial fragility of banks and households. It may be used by state authorities to stress-test the financial sector as well as by banking and other financial institutions to estimate the development of, inter alia, the default rates of their clients.  However, it is necessary to take into considerations the particularities of the Czech banking system, as discussed in section 8.

The intention of this article was to calibrate the Goodhart-Tsomocos model to the Czech banking system and illustrate its use for stress testing of the Czech banking system. It is important to stress that the aim is not to replace the existing methodology of the Czech National Bank but the Goodhard-Tsomocos model could represent a suitable complement. On the other hand, the model can be potentially used in other field; among other, it can be used in predicting default rates of individual agents, including multiple periods, and after extension, it can be used, among others, to model stability of the mortgage market.

The use and accuracy of the model could be extended by cooperating with the Czech National Bank which disposes of more accurate, yet private and unpublished data; a better knowledge of the banks’ risk aversion properties, as well as a deeper insight into their behavior, could help to improve the accuracy of the model. Future versions of the article will be focused on predicting the development over multiple periods and on financial fragility analysis.

Appendix

Table 9. Directional changes in endogenous variables in the model
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Note: +(–): substantial increase (decrease), +~(–~): weak increase (decrease), 0 – no change

Table 9. (continued)

	 
	dγΦ
	dδΦ
	dτΦ
	ρ
	dγ
	dδ
	dτ
	μγ
	μδ
	μτ
	Ri
	Rii
	GDPi
	GDPii

	ΔM = 0.79 %
	–~
	–~
	–~
	–
	–~
	–~
	+~
	+~
	+~
	–~
	0
	–~
	+~
	+~

	Δui,1 = -0.175  %
	–~
	–~
	–~
	+
	–
	–
	–
	+
	+
	+~
	–~
	–
	–
	–~

	Δzτ,1 = 0.31 %
	–~
	–~
	+~
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	+~
	+~
	–~
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	–~
	+~
	+~

	Δpii = 20.0 %
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	–~
	–~
	–~
	+~
	+~
	+~
	0
	+
	–~
	–~
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Table 9. (continued)

	 
	eiγ
	eiδ
	eiτ
	eiiγ
	eiiδ
	eiiτ
	piγ
	piδ
	piτ
	piiγ
	piiδ
	piiτ
	viα
	viβ
	viθ

	ΔM = 0.79 %
	+~
	+~
	+~
	+
	+~
	+~
	+~
	+~
	+~
	+
	+
	+
	+~
	+~
	+~

	Δui,1 = -0.175 %
	–
	–
	–
	+
	–
	+
	–
	–
	–
	+
	–
	+
	–~
	–~
	–~

	Δzτ,1 = 0.31 %
	+~
	+~
	+~
	+
	+
	+~
	+~
	+~
	+
	+
	+
	+
	+~
	+~
	+~

	Δpii = 20.0 %
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	–~
	–~
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Table 9. (continued)

	 
	viiα
	viiβ
	viiθ
	viγ
	viδ
	viτ
	viiγ
	viiδ
	viiτ
	kiγ
	kiδ
	kiτ
	kiiγ
	kiiδ
	kiiτ

	ΔM = 0.79 %
	+~
	+~
	+~
	0
	0
	0
	–~
	–~
	–~
	+~
	+~
	+~
	+
	+~
	+~

	Δui,1 = -0.175 %
	–~
	–~
	–~
	–~
	–~
	0
	–
	+~
	–
	–
	–~
	–~
	+
	–
	+

	Δzτ,1 = 0.31 %
	+~
	+~
	+~
	0
	0
	0
	–~
	–~
	+~
	+~
	+~
	+~
	+
	+
	+~
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